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PLASMA-TUBE ANTENNA 

RELATED APPLICATIONS 

Priority is claimed under 35 USC 1 19(e) for Provisional 
Patent Application Ser. No. 60/795,177 ?led Apr. 27, 2006. 

INTRODUCTION 

This invention relates to phased array antennas, including 
dynamic gas plasma driven phased array antennas. This 
invention particularly relates to a plasma display panel (PDP) 
antenna constructed out of one or more Plasma-tubes ?lled 

With an ioniZable gas. The PDP antenna comprises one or 
more Plasma-tubes on or Within a rigid, ?exible, or semi 
?exible substrate With each Plasma-tube being electrically 
connected to at least tWo electrical conductors such as elec 
trodes. A selected portion of each gas-?lled Plasma-tube acts 
as a dipole alone or in concert With a selected portion of other 
gas-?lled Plasma-tubes to form dipole patterns. 

The Plasma-tube may be used alone or in combination With 
Plasma-shells.As used herein, Plasma-shell includes Plasma 
disc, Plasma-dome, and Plasma-sphere. Combinations of dif 
ferent Plasma-shells may be used. 

Plasma Panel Background 

PDP Structures and Operation 
In a gas discharge plasma display panel (PDP), a single 

addressable picture element is a cell, sometimes referred to as 
a pixel. In a multicolor PDP, tWo or more cells or pixels may 
be addressed as sub-cells or sub-pixels to form a single cell or 
pixel. As used herein cell or pixel means sub -cell or sub-pixel. 
The cell or pixel element is de?ned by tWo or more electrodes 
positioned in such a Way so as to provide a voltage potential 
across a gap containing an ioniZable gas. When suf?cient 
voltage is applied across the gap, the gas ioniZes to produce 
light. In anAC gas discharge plasma display, the electrodes at 
a cell site are coated With a dielectric. The electrodes are 
generally grouped in a matrix con?guration to alloW for selec 
tive addressing of each cell or pixel. 

To form a display image, several types of voltage pulses 
may be applied across a plasma display cell gap. These pulses 
include a Write pulse, Which is the voltage potential suf?cient 
to ioniZe the gas at the pixel site. A Write pulse is selectively 
applied across selected cell sites. The ioniZed gas Will pro 
duce visible light, UV and/or IR light. The ioniZed gas can 
also be used in combination With phosphors to produce vari 
ous colors. Sustain pulses are a series of pulses that produce 
a voltage potential across pixels to maintain ioniZation of 
cells previously ioniZed by the Write pulse. An erase pulse is 
used to selectively extinguish ioniZed pixels. 

The voltage at Which a pixel Will ioniZe, sustain, and erase 
depends on a number of factors including the distance 
betWeen the electrodes, the composition of the ioniZing gas, 
and the pressure of the ioniZing gas. Also of importance is the 
dielectric composition and thickness. To maintain uniform 
electrical characteristics throughout the display it is desired 
that the various physical parameters adhere to required toler 
ances. Maintaining the required tolerance depends on cell 
geometry, fabrication methods and the materials used. The 
prior art discloses a variety of plasma display structures, a 
variety of methods of construction, and materials. 

Examples of open cell gas discharge (plasma) devices 
include both monochrome (single color) AC plasma displays 
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2 
and multi-color (tWo or more colors) AC plasma displays. 
Also monochrome and multicolor DC plasma displays are 
contemplated. 

Examples of monochrome AC gas discharge (plasma) dis 
plays are Well knoWn in the prior art and include those dis 
closed in US. Pat. Nos. 3,559,190 (BitZer et al.), 3,499,167 
(Baker et al.), 3,860,846 (Mayer), 3,964,050 (Mayer), 4,080, 
597 (Mayer), 3,646,384 (Lay), and 4,126,807 (Wedding), all 
incorporated herein by reference. 

Examples of multicolor AC plasma displays are Well 
knoWn in the prior art and include those disclosed in US. Pat. 
Nos. 4,233,623 issued to (Pavliscak), 4,320,418 (Pavliscak), 
4,827,186 (Knauer, et al.), 5,661,500 (Shinoda et al.), 5,674, 
553 (Shinoda, et al.), 5,107,182 (Sano et al.), 5,182,489 
(Sano), 5,075,597 (Salavin et al.), 5,742,122 (Amemiya et al. 
5,640,068 (Amemiya et al.), 5,736,815 (Amemiya), 5,541, 
479 (Nagakubi), 5,745,086 (Weber), and 5,793,158 (Wed 
ding), all incorporated herein by reference. 

This invention may be practiced in a DC gas discharge 
(plasma) display Which is Well knoWn in the prior art, for 
example as disclosed in US. Pat. Nos. 3,886,390 (Maloney et 
al.), 3,886,404 (Kurahashi et al.), 4,035,689 (Ogle et al.), and 
4,532,505 (HolZ et al.), all incorporated herein by reference. 

This invention Will be described With reference to an AC 
plasma display. The PDP industry has used tWo different AC 
plasma display panel (PDP) structures, the tWo-electrode 
columnar discharge structure and the three-electrode surface 
discharge structure. Columnar discharge is also called co 
planar discharge. 

Columnar PDP 
The two-electrode columnar or co-planar discharge plasma 

display structure is disclosed in US. Pat. Nos. 3,499,167 
(Baker et al.) and 3,559,190 (BitZer et al.). The tWo-electrode 
columnar discharge structure is also referred to as opposing 
electrode discharge, tWin substrate discharge, or co-planar 
discharge. In the tWo-electrode columnar discharge AC 
plasma display structure, the sustaining voltage is applied 
betWeen an electrode on a rear or bottom substrate and an 

opposite electrode on the front or top vieWing substrate. The 
gas discharge takes place betWeen the tWo opposing elec 
trodes in betWeen the top vieWing substrate and the bottom 
substrate. 
The columnar discharge PDP structure has been Widely 

used in monochrome AC plasma displays that emit orange or 
red light from a neon gas discharge. Pho sphors may be used in 
a monochrome structure to obtain a color other than neon 

orange. 
In a multi-color columnar discharge PDP structure as dis 

closed in US. Pat. No. 5,793,158 (Wedding), phosphor 
stripes or layers are deposited along the barrier Walls and/or 
on the bottom substrate adjacent to and extending in the same 
direction as the bottom electrode. The discharge betWeen the 
tWo opposite electrodes generates electrons and ions that 
bombard and deteriorate the phosphor thereby shortening the 
life of the phosphor and the PDP. 

In a tWo electrode columnar discharge PDP as disclosed by 
Wedding (158), each light emitting pixel is de?ned by a gas 
discharge betWeen a bottom or rear electrode x and a top or 
front opposite electrode y, each cross-over of the tWo oppos 
ing arrays of bottom electrodes x and top electrodes y de?ning 
a pixel or cell. 

Surface Discharge PDP 
The three-electrode multi-color surface discharge AC 

plasma display panel structure is Widely disclosed in the prior 
art including US. Pat. Nos. 5,661,500 (Shinoda et al.), 5,674, 
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553 (Shinoda et al.), 5,745,086 (Weber), and 5,736,815 
(Amemiya), all incorporated herein by reference. 

In a surface discharge PDP, each light emitting pixel or cell 
is de?ned by the gas discharge betWeen tWo electrodes on the 
top substrate. In a multi-color RGB display, the pixels may be 
called sub-pixels or sub-cells. Photons from the discharge of 
an ioniZable gas at each pixel or sub-pixel excite a photolu 
minescent phosphor that emits red, blue, or green light. 

In a three-electrode surface discharge AC plasma display, a 
sustaining voltage is applied betWeen a pair of adjacent par 
allel electrodes that are on the front or top vieWing substrate. 
These parallel electrodes are called the bulk sustain electrode 
and the roW scan electrode. The roW scan electrode is also 
called a roW sustain electrode because of its dual functions of 
address and sustain. The opposing electrode on the rear or 
bottom substrate is a column data electrode and is used to 
periodically address a roW scan electrode on the top substrate. 
The sustaining voltage is applied to the bulk sustain and roW 
scan electrodes on the top substrate. The gas discharge takes 
place betWeen the roW scan and bulk sustain electrodes on the 
top vieWing substrate. 

In a three-electrode surface discharge AC plasma display 
panel, the sustaining voltage and resulting gas discharge 
occurs betWeen the electrode pairs on the top or front vieWing 
substrate above and remote from the phosphor on the bottom 
substrate. This separation of the discharge from the phosphor 
minimiZes electron bombardment and deterioration of the 
phosphor deposited on the Walls of the barriers or in the 
grooves (or channels) on the bottom substrate adjacent to 
and/ or over the third (data) electrode. Because the phosphor is 
spaced from the discharge betWeen the tWo electrodes on the 
top substrate, the phosphor is subject to less electron bom 
bardment than in a columnar discharge PDP. 

Single Substrate PDP 
There may be used a PDP structure having a so-called 

single substrate or monolithic plasma display panel structure 
having one substrate With or Without a top or front vieWing 
envelope or dome. Single-substrate or monolithic plasma dis 
play panel structures are Well knoWn in the prior art and are 
disclosed by US. Pat. Nos. 3,646,384 (Lay), 3,652,891 (Jan 
ning), 3,666,981 (Lay), 3,811,061 (Nakayama et al.), 3,860, 
846 (Mayer), 3,885,195 (Amano), 3,935,494 (Dick et al.), 
3,964,050 (Mayer), 4,106,009 (Dick), 4,164,678 (BiaZZo et 
al.), and 4,638,218 (Shinoda), all incorporated herein by ref 
erence. 

Antenna Background 

Phased array antennas are knoWn in the prior art, for 
example, as disclosed inU.S. Pat. No. 4,905,014 (GonZaleZ et 
al.). In general, a microWave phasing structure includes a 
support matrix, i.e., a dielectric substrate, and a re?ective 
means, i.e., a ground plane, for re?ecting microWaves Within 
the frequency-operating band. The re?ective means is sup 
ported by a support matrix. An arrangement of electromag 
netically loading structures is supported by the support matrix 
at a distance from the re?ective means, Which can be less than 
a fraction of the Wavelength of the highest frequency in the 
operating frequency range. The electromagnetically loading 
structures are dimensioned, oriented, and interspaced from 
each other and disposed at a distance from the re?ective 
means, as to provide the emulation of the desired re?ective 
surface of selected geometry. Speci?cally, the electromag 
netically loading structures form an array of metallic patterns, 
each metallic pattern preferably being in the form of a cross, 
i.e., X con?guration. It is disclosed that each electromagneti 
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4 
cally loading structure can be constructed to form different 
geometrical patterns and, in fact, could be shorted crossed 
dipoles, metallic plates, irises, apertures, etc. It is further 
disclosed that the microWave phasing structures of the 
GonZaleZ et al. (014) patent may be used for electromagneti 
cally emulating a desired microWave-focusing element of a 
selected geometry. 
The selected geometry of the desired re?ective surface can 

be a parabolic surface in order to emulate a parabolic re?ector 
Wherein all path lengths of the re?ected incident electromag 
netic Waves are equalized by phase shifting affected by the 
microWave phasing structure of the present invention. While 
the microWave phasing structure may emulate desired re?ec 
tive surfaces of selected geometries such as a parabola, the 
microWave phasing structure is generally ?at in shape. HoW 
ever, the shape of the microWave phasing structure may be 
conformal to alloW for mounting on substantially non-?at 
surfaces. 

RELATED PRIOR ART 

Tubes 

The construction of a PDP out of gas-?lled holloW tubes is 
knoW in the prior art. The folloWing prior art references relate 
to the use of tubes in a PDP and are incorporated herein by 
reference. 
US. Pat. No. 3,602,754 (Pfaender et al.) discloses a mul 

tiple discharge gas display panel in Which ?lamentary or 
capillary siZe glass tubes are assembled and formed as a 
monolayer to form a gas discharge panel. 
US. Pat. Nos. 3,654,680 (Bode et al.), 3,927,342 (Bode et 

al.) and 4,038,577 (Bode et al.) disclose a gas discharge 
display in Which ?lamentary or capillary siZe gas tubes are 
assembled to form a gas discharge panel. 
US. Pat. No. 3,969,718 (Strom) discloses a plasma display 

system utiliZing tubes arranged in a side-by-side, parallel 
fashion. 
US. Pat. No. 3,990,068 (Mayer et al.) discloses a capillary 

tube plasma display With a plurality of capillary tubes 
arranged parallel in a close pattern. 
US. Pat. No. 4,027,188 (Bergman) discloses a tubular 

plasma display consisting of parallel glass capillary tubes 
sealed in a plenum and attached to a rigid substrate. 
US. Pat. No. 5,984,747 (Bhagavatula et al.) discloses rib 

structures for containing plasma in electronic displays are 
formed by draWing glass preforms into ?ber-like rib compo 
nents. The rib components are then assembled to form rib/ 
channel structures suitable for ?at panel displays. 

U.S. PatentApplication Publication 2001/ 002821 6A1 (To 
kai et al.) discloses a group of elongated illuminators in a gas 
discharge device. 
US. Pat. No. 6,255,777 (Kim et al.) and US. PatentAppli 

cation Publication 2002/ 0017863 (Kim et al.), disclose a cap 
illary electrode discharge PDP device and a method of fabri 
cation. 

U.S. Pat. Nos. 6,633,117 (Shinoda et al.), 6,650,055 (Ish 
imoto et al.), and 6,677,704 (Ishimoto et al.), disclose a PDP 
With elongated display tubes, all incorporated herein by ref 
erence. 

European Patent 1,288,993 (Ishimoto et al.) also discloses 
a PDP With elongated display tubes and is incorporated herein 
by reference. 

The following US. Patents by Fujitsu Ltd. of Kawasaki 
disclose PDP structures With elongated display tubes and are 
incorporated by reference, US. Pat. Nos. 
6,914,382 (Ishimoto et al.), 
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6,893,677 (Yamada et al.), 
6,857,923 (Yamada et al.), 
6,841,929 (Ishimoto et al.), 
6,836,064 (Yamada et al.), 
6,836,063 (Ishimoto et al.), 
6,794,812 (Yamada et al.), 
6,677,704 (Ishimoto et al.), 
6,650,055 (Ishimoto et al.), 
6,633,117 (Shinoda et al.), 
6,930,442 (AWamoto et al.), 
6,932,664 (Yamada et al.), 
6,969,292 (Tokai et al.), 
7,049,748 (Tokai et al.), and 
7,083,681 (Yamada et 211.). 

The following U.S. Patent Applications Publications by 
Fujitsu Ltd. of Kawasaki, Japan disclose PDP structures With 
elongated display tubes and are incorporated herein by refer 
ence, U.S. Patent Application Publication Nos.; 
2004/0033319 (Yamada et al.) and 
2003/0182967 (Tokai et al.). 
As used herein elongated tube is intended to include cap 

illary, ?lament, ?lamentary, illuminator, holloW rods, or other 
such terms. It includes an elongated enclosed gas-?lled struc 
ture having a length dimension that is greater than its cross 
sectional Width dimension. The Width of the tube is typically 
the vieWing direction of the display. Also as used herein, an 
elongated Plasma-tube has multiple gas discharge pixels of 
100 or more, typically 500 to 1000 or more, Whereas a 
Plasma-shell typically has only one gas discharge pixel. In 
some special embodiments, the Plasma-shell may have more 
than one pixel, i.e., 2, 3, or 4 pixels up to 10 pixels. 

RELATED PRIOR ART 

Spheres, Beads, Ampoules, Capsules 

The construction of a PDP out of gas-?lled holloW micro 
spheres is knoWn in the prior art. Such microspheres are 
referred to as spheres, beads, ampoules, capsules, bubbles, 
shells, and so forth. The folloWing prior art relates to the use 
of microspheres in a PDP and are incorporated herein by 
reference. 

U.S. Pat. No. 2,644,113 (EtZkom) discloses ampoules or 
holloW glass beads containing luminescent gases that emit a 
colored light. In one embodiment, the ampoules are used to 
radiate ultraviolet light onto a phosphor external to the 
ampoule itself. 

U.S. Pat. No. 3,848,248 (MacIntyre) discloses the embed 
ding of gas-?lled beads in a transparent dielectric. The beads 
are ?lled With a gas using a capillary. The external shell of the 
beads may contain phosphor. 

U.S. Pat. No. 3,998,618 (Kreick et al.) discloses the manu 
facture of gas-?lled beads by the cutting of tubing. The tubing 
is cut into ampoules (shoWn as domes in FIG. 2) and heated to 
form shells. The gas is a rare gas mixture, 95% neon, and 5% 
argon at a pressure of 300 Torr. U.S. Pat. No. 4,035,690 
(Roeber) discloses a plasma panel display With a plasma 
forming gas encapsulated in clear glass shells. Roeber used 
commercially available glass shells containing gases such as 
air, SO2 or CO2 at pressures of 0.2 to 0.3 atmosphere. Roeber 
(690) discloses the removal of these residual gases by heating 
the glass shells at an elevated temperature to drive out the 
gases through the heated Walls of the glass shell. Roeber 
obtains different colors from the glass shells by ?lling each 
shell With a gas mixture, Which emits a color upon discharge, 
and/or by using a glass shell made from colored glass. 
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Us. Pat. No. 4,963,792 (Parker) discloses a gas discharge 

chamber including a transparent dome portion. 
U.S. Pat. No. 5,326,298 (Hotomi) discloses a light emitter 

for plasma light emission. The light emitter comprises a resin 
including ?ne bubbles in Which a gas is trapped. The gas is 
selected from rare gases, hydrocarbons, and nitrogen. 

Japanese Patent 11238469A, published Aug. 31, 1999, by 
Tsuruoka Yoshiaki of Dainippon discloses a plasma display 
panel containing a gas capsule. The gas capsule is provided 
With a rupturable part, Which ruptures When it absorbs a laser 
beam. 

Also incorporated by reference is U.S. Pat. No. 6,864,631 
(Wedding) that discloses a PDP comprised of microspheres 
?lled With an ioniZable gas. 

RELATED PRIOR ART 

Light Emitting Elements 

U.S. Pat. No. 6,545,422 (George et al.) discloses a light 
emitting plasma display panel With a plurality of sockets With 
spherical or other shape micro-components in each socket 
sandWiched betWeen tWo substrates. The micro-component 
includes a shell ?lled With a plasma-forming gas or other 
material. The light-emitting panel may be a plasma display, 
electroluminescent display, or other display device. 
The folloWing U.S. patents issued to George et al. and the 

various joint inventors are incorporated herein by reference: 
U.S. Pat. Nos. 6,570,335 (George et al.), 
6,612,889 (Green et al.), 
6,620,012 (Johnson et al.), 
6,646,388 (George et al.), 
6,762,566 (George et al.), 
6,764,367 (Green et al.), 
6,791,264 (Green et al.), 
6,796,867 (George et al.), 
6,801,001 (Drobot et al.), 
6,822,626 (George et al.), 
6,902,456 (George et al.), 
6,935,913 (Wyeth et al.), 
6,975,068 (Green et al.), 
7,005,793 (George et al.), 
7,025,648 (Green et al.), 
7,125,305 (Green et al.), and 
7,137,857 (George et al.). 

Also incorporated herein by reference are the folloWing 
U.S. Patent Application Publication Nos.: 
2004/0063373 (Johnson et al.), 
2005/0095944 (George et al.), 
2006/0097620 (George et al.), and 
2006/0205311 (Green et al.). 

Radio Frequency 

The Plasma-tubes and/or Plasma-shells may be operated 
With radio frequency (RE). The RF may especially be used to 
sustain the plasma discharge. RF may also be used to operate 
the Plasma-tubes and/or Plasma-shells With a positive col 
umn discharge. The use of RF in a PDP is disclosed in the 
folloWing prior art, all incorporated herein by reference. 
U.S. Pat. Nos. 6,271,810 (Yoo et al.), 
6,340,866 (Yoo), 
6,473,061 (Lim et al.), 
6,476,562 (Yoo et al.), 
6,483,489 (Yoo et al.), 
6,501,447 (Kang et al.), 
6,605,897 (Yoo), 
























